Methods
Healthy adult dogs immunized against distemper were given single daily injections of the amino acid mixtures listed in Tables I and 4, as recorded in Tables 2, 3 , 5, and 6. The amino acids were dissolved in distilled water just removed from boiling, in nitrogen concentrations ranging from 0.6 to 2.2 per cent. The amino acid solutions were usually near pH 5 without adjustment, except for those containing glutamic acid or aspartic acid. These were adjusted to near pH 5 by the addition of sodium carbonate, except for a few given unadjusted near pH 3.5. The presence of glutamic acid proved important in producing reactions; the degree of acidity did not.
Amigen, an enzymic hydrolysate of proteins prepared by the controlled digestion of a mixture of casein and pork pancreas, was given in the 10 per cent solution (in distilled water) provided by the manufacturer, having a nitrogen concentration of 1.2 per cent. Amino Acids Steams, an acid hydrolysate of casein, fortified with t~ptophane, was given after diluting with distilled water to a nitrogen concentration of 1.27 per cent the solution provided by the manufacturer. The injections were made into the leg veins and the rate controlled by regulating a screw clamp below a drip bulb, sometimes with a pressure pump supplementing gravity. The injections were always given before feeding, some dogs a stock diet, others a low protein basal diet.
Vomiting was taken as the most readable sign of reaction, salivation being much less reliable.
Injections were often continued after vomiting reactions occurred, but except as noted in Table 3 all data given are for injections without vomiting or up to the time of vomiting.
EXPERIMENTAL OBSERVATIONS
The data recorded in Table 2 show that injections of certain mixtures of the ten essential amino acids produced vomiting 8 out of 10 times, whereas similar mixtures with glycine added were injected 10 out of 11 times with no vomiting.
Mixtures with and without glycine were given on alternate days, not consecu-tively as might be suggested by the table. The rates of injection are comparable even when the glycine nitrogen is excluded from the comparison, as has been done in Table 2 . The daily injections, moreover, were sufficient to maintain a positive nitrogen balance for the 3 weeks of Table 2 (Table 2 -a, reference 6). 
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• * Exclusive of glycine nitrogen.
The injections of casein digests as recorded in Table 3 produced vomiting even though done at much slower rates than the amino acid injections of Table  2 . There is some suggestion that the enzymatic digest is better tolerated, but the difference is slight and vomiting usually occurred with injection rates of 2 to 5 mg. nitrogen/ldlo/minute, Tolerance was not improved by mixing the acid hydrolysate half and half with a well tolerated amino acid mixture--tests 29 and 30, Table 3 .
The synthetic mixtures of amino acids listed in Table 4 were tested as recorded in Tables 5 and 6 . The most significant correlation exists between the vomit when first given a solution containing glutamic acid and this dog received a small quantity, 24 mg. glutamic acid/kilo (dog 40-73, Table 6 ).
The quantities which first induced vomiting in the six dogs were 18, 72, 94, 141, 158, and 219 mg./kilo.
From the standpoint of rate of total nitrogen injection all but 6 of the 60 injections containing glycine were given more rapidly than 5 rag. nitrogen/kilo/rain- 130  118  102  126  143  143  119  139  145  140  355  202  118  131  131  125  140   6  30  6  17  13  14  24  7  7  11  22  20  34  15  14  14  12   44  224  49  129  104  114  190  51  53  82  160  155  282  112  107  108  93   0  0  13  12  24  26 ute. The 4 instances of vomiting without glutamic acid occurred at rates from 6 to 9 rag. nitrogen/kilo/minute, although 14 of the remaining 27 injections were given at rates greater than 9 rag. nitrogen/kilo/minute.
No good correlation is found between the vomiting associated with solutions containing glutamic acid and the rate of total nitrogen injection. The nitrogen rate of these solutions varied from 4 to 31 reg./kilo/minute and 9 of the 10 instances without vomiting lay in the middle range from 10 to 20 rag. Aspartic acid when present as 4 to 5 per cent of the total mixture did not produce vomiting (Table 6 , tests 7 and 18). This concentration is similar to that in casein. A glutamic acid concentration about 14 per cent, which is less than that in casein produced vomiting when given with the mixture containing aspartic acid (Table 6 , tests 6 and 17).
Acidity did not appear to contribute to reactions in the range tested. Amino acid mixtures at pH 6.5 were no better tolerated than at pH 5, and were better tolerated than Amigen (pH 6.5). Moreover, reaction to solutions with glutamic acid occurred just as readily at pH 5 as when given unadjusted at pH 3.5. The tests of mixtures XV and XVI in Table 6 , for example, were all done at pH 5, with the expected reaction to glutamic acid. Either the natural or the racemic glutamic acid is very likely to provoke reaction. A slightly higher percentage of injections containing d/-glutamic acid produced vomiting but the data are not sufficient to warrant a conclusion on this point.
DISCUS SION
Much more can be done in tolerance testing. The data presented merely skim the surface. There is the suggestion from Table 2 that mixture VII is less tolerable than VIIe, for the addition of glycine to VII did not eliminate vomiting (test 16). If not a chance variation why should there be this difference? This and many other questions must be answered by future experiment.
Poorer utilization of protein digests than of amino acid mixtures has been reported in the dog (7) . Poorer tolerance with associated obvious disturbance may be responsible for this difference. No such difference between an amino acid mixture and Amigen was found in man during one brief comparison done without clinical disturbance (10) .
The impression has been gained by users of protein digests (containing glutamic acid) that tolerance improves upon repeated injection. We have a similar impression although the data presented here are inconclusive. Other differences in reaction in the same and between different animals we must for the time being simply call biological variations.
Of physiological interest is the suggestion that glutamic acid is less well tolerated than any of the amino acids tested, that is, less well tolerated when included in amino acid mixtures in concentrations similar to its concentration in certain common food proteins. Asparfic acid, another dicarboxylic amino acid, produced no disturbance in the concentration tested. This concentration, while in the range of that in natural proteins, is much lower than that of glutamic acid. A comparison of these two amino acids should be made at the same concentration. The process by which glutamic acid injection leads to vomiting is open to speculation and investigation.
It is suggested by the experiments of Tables 5 and 6 that attention might well be given to the preparation of an inexpensive protein digest, of very low glutamic acid content. If this proves impossible it may be that appropriate mixtures of pure amino acids can be made available at increasingly low cost. Some material suitable and convenient for parenteral use as a source for blood and body protein construction should have an important, often life-saving, part in medical care.
SUMMARY
Several synthetic mixtures of natural and racemic crystalline amino acids suitable for the daily nitrogen requirement are tested in dogs for their tolerance upon intravenous injection.
Certain mixtures of the ten essential amino acids plus non-essential amino acids exclusive of glutamic acid are accepted without any obvious sign of disturbance even at rates above 10 mg. nitrogen per kilo per minute for quantities greater than 300 mg. per kilo. When glutamic acid, natural or racemic, is included in similar mixtures vomiting reactions frequently occur at nitrogen rates above 4 mg. per kilo per minute. Vomiting almost always occurs on the first daily injection containing glutamic acid and usually on any subsequent injection containing more than 100 mg. glutamic acid per kilo unless given very slowly.
Upon the addition of glycine certain mixtures of the ten essential amino acids show an improved tolerance.
Two casein digests tested usually produced vomiting at injection rates above 2 mg. nitrogen per kilo per minute, probably because of their glutamic acid content.
No serious reaction has ever occurrred to any mixture of amino acids or casein digest tested. Elimination of minor reactions such as vomiting appears possible and desirable for greater usefulness of these solutions in parenteral feeding.
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